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Pur00sa 

During the Konth of August, I968, field and laboratory studies 

were conducted at 2020 Manhattan Boulevard to det-rmine the existing 

ground-water conditions. The purpose of these studies was to deter

mine to v.'hnt extent pollution of ground water at this site vjould af

fect other waters in the area» either above or below the ground. 

It is proposed that this site be used.as a tsst facility for 

mechaniced burial of solid waste a.nd possibly sewage sludge. Jinxitr.um 

burial will be nine feet beneath the ground surface which j.n many 

cases will also bs below the water table; Introduction of vaste na-

terisl below the level of the water table will presû Tisbly cause pol

lution of the irairjediate ground water. This study detenvdned the di

rection and rate of ground-water rsovcment which are prime considera

tions in the dispersal of any pollutant. From this, conclusions are 

dravm on the potential hazard of the proposed waste disposal facility. 

General 5et"tin.c; • 

The site at 2020 Manhattr.n Eoulevra'd is a brOc-.d lowland of some 
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20 acres. Landfill operations at the north and southeast ends of the 

lowland have made significant headway in raising the general level of 

the land as much as 15 feot. Lowland, still not filled, is occupied 

by a pond which is drained to by a. City of Toledo storm sewer. Before 

dumping begsn, the original level of the surrounuing land was l6 to 18 

feet above the pond level. Figure 1 is a plan view of the site at the 

tine of the surveys. 

GeolojTv 

The area is underlain by a thick section (lOO feet) of uncon

solidated deposits related in origin to the Pleistocene glaciers. The 

deposits: are predor.anrttely a-gritty, and sometimes bouldcry, silty 

clay loam (U.S. Department of Agriculture Soil Cl-.ssification) tsrzred 

till. This Eaterial was laid down directly by the =;laciers as they 

advanced and retreated over the area, V̂ hile heterogeneous in texture, 

the till is hoxogeneous in bulk composition, and should possess uni-

fonj hydrolo;̂ ic characteristics throuî hout its entire thickness. 

Kear the surface, th« till has been reworked by weathering, 

mass noveicent, and erosion. As a result the t'3xture is more silty and 

the material is less cor:pacted. 

Beneath the pond, and also in those areas the pond once occupied, 

the sediiaents at the surface consist of alluvium v/ashed into the pond 

fron the surrounding uplands, Th-ise sedireents are rich in organic ma

terial and are classified as nuck. Their tliickness is approxia-.tely 

6 feet. 

Covering the glacial deposits is fill varying in thickness from 



t 
0 to about 15 feet. The fill is predominately demolition scrap, brick, 

wood, etc and Industrial waste. It is heterogeneous in composition, 

and although compacted by machinery still contains numerous voids. 

At depths of 100 fest the unconsolidated till is underl:in by 

limestone wJdch is piirsistcnt throuijhout Lucas County. The lir.estone 

contains many openings such as joints, solution cavities, and bedding 

planes. Due to these openings, water passes relatively freely through 

the rock. Because of this, the limestone is used extensively thr\3ughout 

the area as a source of water supply. It is estimated that approxi

mately 10 mil.ijLon gallons per day is pumped from the limestone in tho 

Toledo area. 

To deterndne the geologic and hydrologic conditions at the site, 

borings were made at thi^e locations (refer to figure 1) and samples 

of the deposits collected. Appendix A gives the lithologic logs of 

the borings, and appendix B the results of laboratory tests performed 

on undisturbed saraples, . 

Ground-Water Hydrolotcy 

Before discussing the occurrence of ground water at the site, 

some general explanation of ground water b-vhavior and definitions are 

in order. 

Beneath the ground surface tvo laajor zones are distinguished on 

the basis of vater content: the unsaturated and saturated zones. These 

are separated by tho \:ater table narking the upper-most extension of 

the zone of saturation. All water in the zone of saturation is termed 

groundwater to distinguish it from water in the unsaturated zone gener-



ally referred to as soil r.oisture. Surface water refers to all water 

at or on the ground surface and includ.>3 lakes, rivers, and ponds. 

These are necessarily artificial distinctions as there is direct trans

fer of soil moisture to ground vater and to surface water and even the 

reverse. 

The driving mechanism beliind ground-vrater movement is gravity. 

At every point within the saturated zone, ground water possesses (grav

ity potential. I'loveiaent will be initiated .when the potential at one 

point is greater than at ariother with the direction of.movensnt from 

high potential points to lovr potential points. Ground-water move

ment has been extensively investigated and found to obey D.ircy'3 Laxit 

0= PIA 

where, \ 

Q = the rate of discharge, 
P = the permeability of the transiidtting ciediun, 
I = the hydraulic gradient, or the potential loss 

divided by the distance of travel, 
A = the cross-S'Jctional area through xvidch flow occurs. 

Ground-water conditions at tho site are graphically shown in 

figure 2, The position of the water table is determined from static 

water levels in the boring holes. At the soil^fill interface there is 

a dislocation of the water table. This dislocation is due to ch.̂ nges 

in the hydraulic conductivity of the two materials resulting in lover 

gradients, or water table slopes in the fill, 

• In general, the water table slopes to the pond and is connected 

with the level of water in the pond. Where fill lias been added, the 

water table has been displaced slightly upward but still retains its 

slope to the pond. The average horizontal gradient of the water table 

to the pond is 0.00? foot/foot. 
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As stated previously, the geologic properties of the glacial 

deposits are relatively uniform indicating that the hydrologic char

acteristics would also ba uniform. This is confinr.ed by the laboratory 

tests. Porosity values range from 25 to 32 percent; r.oisture contents 

are 10.1 to l6.1 percent; and the coefxiciont of perL-ic-Ability is id.thin 

the narrow limits of ̂ .7 x lO""-̂  to 1.9 x lO""-̂  gallons per day per sqiiare 

foot (gpd/ft^). 

It should be pointed out that the difference betwe-̂ n the porosity 

and moisture content .values doss not mean tliat the samples v.-ere unsat

urated. These are apparent differences related to the ir.ethod of re

porting, i.e., moisture content in percent by weight and. porosity in 

percent by volume. Convei'sion of rioisture content into percent by 

volune gives close agreement with porosity. Thus, the ssnples are 

saturated as indicated by their position below the water table. 

In addition to tha horizontal gradient of 0,00? foot/foot, there 

is a vsrtical gradient through the till. From previous information col

lected on the hydrology of Lucas County, it can be shoxm that water 

levels in underlying limestone are approximately 30 feet below the level 

of the wattir tabic at the Manhattan Boalovard site. Thus tJio fluid 

potential in the limestone is significantly below the water table and 

water in the till xd-ll be induced to move down and into tlie limestone. 

The vertical hydraulic gradient is O.3O foot/foot, or approxiiuately W 

tines greater than the horizontal gradient. In figure 2, the presence 

of the lartjcr vortical gradient is denoted by arrows sho>.dng the pre

dominate path of water mover:ent as vertically dox̂ n. 

Because of the strong vertical gradient, it can be seen from 



-6-

figure 2 that there exists little chance of grour̂ d w.'A.ter witliin the 

glscial till dischnrging to the pond. In fact, pond vrator is leaking 

to the 'mderlidng deposits. 

No flow lines h;=vo been drawn within the saturiited fill, Tlio 

fill material iiss unknown inydraulic properties and nioveinent within the 

fill will be greatly controlled by the numerous interconiiecting voids. 

Ilove:ner.t within the fill is definitely to the pond as the underlying 

deposits oct as a relatively iL-;perfc-ieable barrier. The rate of dischf.rge 

will b> Si-.iill as the hydraulic gr^aisnt in the fill is less than C.CC? 

foot/foot. 

All of the ground x/ater within tho gl;4cial drift must eventually 

discharge to the underlying lim^styne bedrock. Thus, the possibility of 

pollution to the bedrock nust be considered as the limestone represents 

a productive aquifer used locally for water supply, 

Darc/'s Law r-.ay be used to calculrte the velocity and quantity 

of ground vj;j.ter tiovê ent thr-jugu the till to the linsstone. Using a 

value of 3*3 X 10~^gpd/ft'^ as the average permeability of the till, the 

velocity of 'jater novoment through the till is 0.013 foot/day. At 

that rate vrater at the water table v.dll require about 21 years to reach 

the limestone. The quantity of ground water discharged through tho 

till amounts to 4,300 gpd/aero of land. 

Because of tho exceedingly slow rate of movejaent, it seems doubt

ful that pollution of tho limestone aquifei* vdll occur. During the time 

of travel, changes in tho water quality id.ll occur wl̂ dch will tend to 

purify the x;ater. These changes include filtering,of bacteria and sorb-

tion of cbs::dc3l ions. Given the 20 years during which these reactions 

http://id.ll
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can proceed, there is little liklihood of polluted water reacldng the 

limestone. 

Conclusions nnd Recorjr.endations 

Tiie introduction of polluted material to ground water at the 

Karliattsn Boulevard site presents rdnimal h^zanis to other i;atsrs in 

the inr.ediate vicinity. This r';pplias only if precautions are tirken 

to not allow any polluted material to be buried v.dthin the fill. 

Although the hydraulic characti'jristics of the fill arc Vinkno^m, 

the nature of the naterial suggests that it is more per;i:eable than the 

underlyip.g glacial deposits. This suggestion is substantiated by a lov:er 

hydraulic gradient'within the fill thr.n in the glficial till, and by the 

water table discontinuity at the soil-fill interface. Pollutants witiiin 

either the saturat*^d or unss-turatod fill will rdgrate laterally and 

enter the x̂tnd causing an undesirable situation for a long period of 

time. 

Burial of polluted raat;;rial in the glacial d-2posits Tri.ll restrict 

lateral secps^^. Within both the saturated and unsaturated zones of 

the glacial deposits, the predoiidnate direction of v».-iter luover.oiit is 

vertic.-illy c-ovrn, Tnis direction of rx)vev;ent precludes contiir.'dnation 

of the por.d even if the ]x>lluted matorial were buried beneath the por-d 

itself. 

As a precaution to inhibit lateral mov̂ j-r-ent it is reconr-ier.ded that 

burial treviches be oriented nori.-3al to the direction of the h o r i z o n t : i l 

hydrav.lic gradient. At the Manhattan .'dts, this means that ti-enches 

run approxiinately earit-wdst or parallel to the ground contour. 

http://Tri.ll
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Vartical novoiaent of pollutants are not seen to cause any hazard 

to the limestone aquifer buried beneath the glacial deposits. Kovement 

through the deposits is extremely slow requiring soiTie 20 ytars for 

water at the water table to seep into the limestone. During that per

iod the u-ater will be naturally purified by filtration and sorotion. 

While the conditions described represent tliose of August, I966, 

no significant c"nangss arc anticipated either because of natural events 

such as wetter or dryer years, or because of ̂ .̂an-Rsde changes. 

Respectfully submitted, 

/x-
7\ J u . 

George R, Kunkle 




